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| INTRODUCTION
The creation and dissemination of medical knowledge are of critical importance in today's health care systems. The medical world is in the midst of a knowledge explosion driven by constant advances in diagnostics and treatments as well as the intersection of care delivery with genomics, proteomics, and metabolomics. While this whirlwind of information stands to further improve a patient's health and wellbeing, the pace of discovery has accelerated to a point where it is no longer possible for caregivers to keep up. It has been estimated that each day, over 1500 new journal articles and 55 new clinical trials are indexed in the National Library of Medicine Medline database. 1 Less than 1% of published clinical information is likely to be relevant for a particular physician; yet that 1% may offer lifesaving information for an individual patient. 2 All these factors now contribute to the knowledge overload, which all practicing physicians face in providing optimal care for their patients.
Mayo Clinic provides multispecialty, interdisciplinary care of patients with complex medical and surgical problems using an inte- The following outlines the development of the knowledge management program, its role in the Mayo practice, its efforts to integrate clinical knowledge into the workflow, and the future vision for the program.
| BACKGROUND
The clinical knowledge applied to patient care is based on the syn- 
| ASKMAYOEXPERT-A POINT-OF-CARE RESOURCE
In response to this challenge, Mayo Clinic created an online pointof-care resource called AskMayoExpert (AME). The purpose of AME is to provide the clinician with Mayo-vetted clinical knowledge at AskMayoExpert provides concise, relevant, and clinically applicable answers to clinical questions, assuming an existing knowledge of the "gist" of medical decision making. For example, a clinician understands the "gist" that it is critical to stop anticoagulation before a procedure with a high-bleeding risk but a point-of-care tool can provide the concise, actionable answer in the safest duration of cessation of an anticoagulant drug prior to a procedure.
Experts were asked to compile their most frequently asked ques- Research has shown that AME is of high clinically relevant value to the users. 4 Although initially targeted at generalist physicians, the application has been widely adopted by specialists, residents, mid-level providers, and nurses as well.
The greatest challenge in building the AME system was developing a process for creation and capture of clinical knowledge that would assure its credibility and acceptance. Subject matter experts, identified by practice leadership, work with medical writers and a standard interview process to develop the AME content. The content is then evaluated and vetted by knowledge content boards (KCBs), a select 
| CORE CLINICAL CONTENT-A FOUNDATION OF KNOWLEDGE MANAGEMENT
This content created for AME is now considered as "core clinical content" and has become the center of our knowledge management program. To better manage this content, we invested in a centralized knowledge management system, referred to as the knowledge content management system (KCMS), using Sitecore for the management of knowledge content and TopBraid for the management of ontologies.
The clinical content generated for AME is divided into sections using Sitecore templates, which include specific concepts such as diagnosis, treatment, prevention, and follow-up. Each section is manually annotated by a trained ontologist, with annotation properties for subject, secondary subject focus, audience, and person group. These annotations provide rich descriptive metadata, and plans are underway FIGURE 2 AskMayoExpert utilization growth. This figure illustrates the increase in unique users per month since the introduction of AME 
| Data specification
For each proposition or input to the rules, the specific data elements must be defined. This is done through identification of value sets using standard terminologies (RxNorm, LOINC, and ICD-10) and defining natural language processing algorithms. These must in turn be mapped to each of the 3 EMRs in use at Mayo. The value sets are physician vetted and managed by Mayo's terminology team. Data specification also addresses process measurement; as each CPM is analyzed, the specific process metrics and the data elements needed for each are defined.
While this process ensures that the rules running in MEA are a faithful reproduction of the original, it has shortcomings. The process is complex and labor intensive, and the execution of the full CPM is incomplete. Any given executable CPM is made up of a number of interrelated knowledge assets such as rules, calculations, scales and scoring models, value sets, and natural language processing algorithms, each of which is potentially reused by other CPMs and other knowledge delivery applications and which must therefore be managed individually. In addition, except for the use of standard terminologies for the data definitions, the current approach is not standards based and does not allow for potential sharing of the executable versions.
In seeking a more robust, scalable approach, we reviewed the literature on computer-interpretable guidelines (CIGs). Although the CPM format was developed internally to meet specific organizational goals, CPMs and guidelines are similar in structure and intent. The
Institute of Medicine defines guidelines as "systematically developed statements to assist practitioner and patient decisions about appropriate health care for specific clinical circumstances." 9 Like guidelines, CPMs are systematically developed and focused on clinical decisions for specific conditions. More important in considering the applicability of CIG standards to the CPM process, they share many of the same structural characteristics as CIGs. A review of CIG models describes components that are shared across models 10 Care process models are built using a home-grown authoring tool, and their components map to existing models as follows:
Step Content describing actions to be taken ( Mechanisms to share or reuse CIGs seek to maximize the benefit and facilitate the broad implementation of guidelines. 13 GLIF3 is an example of formal guideline representation that was developed to enable the sharing of guidelines across institutions. GLIF3 is designed with the flexibility necessary to express guidelines for a variety of scenarios, including screening, diagnosis, and treatment, for acute and chronic problems, in primary and specialty care. While the GLIF model itself does not yield a fully executable guideline, work has been done to combine it with GELLO as an expression language and GLEE as an execution engine.
14 Another approach to re-using CIGs is the service oriented
approach. An example of this approach is SEBASTIAN, which uses web services to submit patient data and return clinical decision support results. The goal of this work was to provide "write once, run anywhere" functionality, while supporting ease of authoring in an understandable framework. 15 The SAGE project, in which Mayo Clinic participated, was specifically focused on integrating guidelines into commercial clinical systems. Although it adopted many of the features of other models (activity graphs from EON and GLIF3, decision maps from PRODIGY, and decision model from PROforma), 16 SAGE specifically focused on context, including triggering events, roles, resources, and care settings. 17 The approach examined EHR-specific workflows and looked Given the current state of guideline modeling and the need for a near-term solution, this is the approach that Mayo Clinic will likely take for executable CPMs.
| KNOWLEDGE MANAGEMENT: FUTURE DIRECTION
The future direction of the knowledge management program will focus both on continued exploration of models for representing CPMs and increasing our focus on measuring the impact of our work. 
| CONCLUSION
A point-of-care knowledge resource developed to support an individualized approach to patient care has grown into a formal knowledge management program. This has been a key strategic initiative to focus the best of Mayo Clinic's multispecialty, multidisciplinary knowledge around the needs of the individual patient. Translation of the textual knowledge into machine executable knowledge will allow integration of the knowledge with specific patient data and truly serve as a colleague and mentor for the physicians taking care of the patient.
